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Wkh ghihqvh0jurzwk qh{xv lv lqyhvwljdwhg hpslulfdoo| xvlqj orqjlwxglqdo gdwd iru
Jxdwhpdod dqg doorzlqj wkh hhfw ri ghihqvh vshqglqj rq jurzwk wr eh qrqolqhdu1 Xvlqj
uhfhqwo| ghyhorshg hfrqrphwulf phwkrgv lqyroylqj wkuhvkrog uhjuhvvlrqv/ hylghqfh ri d
ohyho0ghshqghqw hhfw ri plolwdu| h{shqglwxuh rq JGS jurzwk lv irxqg= d srvlwlyh dqg
vljqlfdqw h{whuqdolw| hhfw ri ghihqvh vshqglqj suhydlov iru uhodwlyho| orz ohyhov ri
ghihqvh vshqglqj dqg ehfrphv qhjdwlyh/ doehlw lqvljqlfdqw/ iru kljkhu ohyhov1
MHO fodvvlfdwlrq= H46/ F55/ K89

























































































































































































































































































































































































































































































































































































































































































































































































































































































Wkh uhodwlrq ehwzhhq hfrqrplf zhoo0ehlqj dqg uhvrxufhv devruehg lq wkh plolwdu|
￿ kdv ehhq
zlgho| ghedwhg dprqj hfrqrplvwv gxulqj wkh odvw ghfdghv1 Rq wkh rqh kdqg/ dqdo|vwv frq0
foxghg wkdw pdvvlyh lqixvlrq ri uhvrxufhv lqwr wkh plolwdu| vhfwru kdg furzghg rxw uhvrxufhv
iru +vxssrvhgo| pruh surgxfwlyh, flyloldq vhfwruv1 Rq wkh rwkhu kdqg/ lw zdv frqfoxghg
wkdw wkh plolwdu| vhfwru/ qrwdeo| lq ghyhorslqj frxqwulhv/ frxog surylgh h{whuqdolwlhv iru wkh
flyloldq vhfwru wkurxjk ydulrxv fkdqqqhov vxfk dv/ iru lqvwdqfh/ surylvlrq ri lqiudvwuxfwxuh/
kxpdq fdslwdo irupdwlrq ru whfkqrorjlfdo surjuhvv1
Dv Ghjhu dqg Vhq +4<<8, qrwh/ iurp d sxuho| hfrqrplf srlqw ri ylhz/ wkh plolwdu| exu0
ghq lv zlgho| uhjdughg dv wkh txlqwhvvhqwldo xqsurgxfwlyh h{shqglwxuh fdwhjru| +h{fhsw dv
dq lqvxudqfh djdlqvw zdu,1 Khqfh/ hfrqrplvwv ghhphg lwv lpsdfw rq rxwsxw jurzwk wr eh
qhjdwlyh iru d yhu| orqj wlph/ hyhq wkrxjk/ zlwk uhvshfw wr wklv suhsrvlwlrq/ qr hpslul0
fdo hylghqfh zdv suhvhqwhg xqwlo wkh vhplqdo frqwulexwlrq e| Ehqrlw +4<:6/ 4<:;,1 Wklv
uvw h{whqvlyh hpslulfdo lqyhvwljdwlrq ri wkh ghihqvh0jurzwk qh{xv ehfdph nqrzq pdlqo| iru
wkh qglqj ri d +dw uvw vljkw frxqwhu0lqwxlwlyh, jurzwk0lqgxflqj hhfw ri ghihqvh vlqfh/ dv
phqwlrqhg ehiruh/ hfrqrplvwv kdg k|srwkhvl}hg wkh rssrvlwh1 Ehqrlw*v uhvxowv fdxvhg frq0
vlghudeoh frqwuryhuv| dqg eurnh xs wkh hpslulfdo eodfn vsrw lq wklv hog1 Dv d frqvhtxhqfh/
d odujh qxpehu ri vwxglhv zhuh fduulhg rxw/ vhhnlqj wr dvvhvv wkh jurzwk hhfw ri wkh plolwdu|1
Vlqfh Ehqrlw wkh uhvhdufk irfxv dqg wkh phwkrgrorjlhv hpsor|hg kdyh fkdqjhg vljqlfdqwo|1
Lq wkh ehjlqqlqj ri wkh 4<;3v/ furvv0vhfwlrqdo vwxglhv pdgh xs prvw ri wkh frqwulexwlrqv
wr wkh ghihqvh jurzwk ghedwh1Pruh uhfhqwo|/ krzhyhu/ vlqjoh0frxqwu| fdvh vwxglhv ehfdph
pruh srsxodu vlqfh wkh| ryhufrph wkh khwhurjhqhlw| sureohp dqg wdnh lqwr dffrxqw wkh klv0
wrulfdo dqg lqvwlwxwlrqdo lqirupdwlrq xqltxh iru hdfk frxqwu| +Gxqqh dqg Qlnrodlgrx 4<<<,1
￿
Wklv sdshu surylghv d frqwulexwlrq wr wkh frusxv ri fdvh vwxglhv lq wkh irup ri d wlph0














































































































































































































































































































































































































5plolwdu| wxwhodjh/ wkh fkdudfwhulvwlfv ri d vpdoo rshq hfrqrp|/ wkh idfw wkdw lw kdv xqghujrqh
frqvlghudeoh fkdqjh diwhu wkh hqg ri d orqj0odvwlqj lqwhuqdo frq lfw/ dqg wkh olplwhg hpslulfdo
hylghqfh rq wklv vxemhfw zlwklq wkh Fhqwudo Dphulfdq uhjlrq1 Gxh wr wkh idfw wkdw plolwdu|
h{shqglwxuhv urvh vwhhso| gxulqj wkh flylo zdu/ dq reylrxv txhvwlrq wr dvn krz ghihqvh frq0
wulexwhg wr Jxdwhpdod*v jurzwk shuirupdqfh1 Lq frqwudvw wr suhylrxv vwxglhv dqdo|}lqj wkh
ghihqvh0jurzwk qh{xv/ zh xvh uhfhqwo| ghyhorshg hfrqrphwulf phwkrgv lqyroylqj wkuhvkrog
uhjuhvvlrqv1 Wkxv/ ghshqglqj rq wkh uhvshfwlyh ghihqvh exughq/ glhuhqw hhfwv ri plolwdu|
vshqglqj rq jurzwk frxog suhydlo1 Iru wkh fdvh ri Jxdwhpdod/ zh qg wkdw wkhuh lv lqghhg
d ohyho0ghshqghqw hhfw ri ghihqvh vshqglqj rq jurzwk lqglfdwlqj wkdw ghihqvh vshqglqj lv
rqo| frqgxflyh wr jurzwk dw yhu| prghvw ohyhov/ zklfk vxssruwv wkh uhfhqw qglqj e| Vwurxs
dqg Khfnhopdq +5334,1 Wkh hvwlpdwhg wkuhvkrog lv orzhu wkdq wkh reoljdwlrq vhw rxw lq wkh
Xqlwhg Qdwlrqv0vsrqvruhg Shdfh Dffrugv/ zklfk olplwv plolwdu| h{shqglwxuh dw 3199 shufhqw
ri JGS1 Lq dgglwlrq/ zh eholhyh wkdw wkh phwkrgrorj| h{srvhg lq wklv sdshu frxog eh d
xvhixo wrro wr vwxg| d zlghu vhw ri txhvwlrqv uhodwhg wr hfrqrplf jurzwk1
Wkh uhpdlqghu ri wkh sdshu lv rujdql}hg dv iroorzv= Vhfwlrq 5 lqwurgxfhv jhqhudo dvshfwv
ri wkh uhodwlrqvkls ehwzhhq ghihqvh dqg jurzwk1 Vhfwlrq 6 rxwolqhv vrph ghyhorsphqwv uh0
jduglqj hfrqrplf jurzwk/ wkh flylo zdu/ dqg ghihqvh vshqglqj lq Jxdwhpdod1 Vhfwlrq 7 ghdov
zlwk gdwd uhfrpslodwlrq lq d srvw0frq lfw frxqwu|1 Vhfwlrq 8 lqyhvwljdwhv wkh ghihqvh0jurzwk
qh{xv lq Jxdwhpdod zlwklq wkh iudphzrun ri d idfwru surgxfwlylw| dssurdfk/ erwk edvhg rq
d olqhdu dv zhoo dv d qrqolqhdu phwkrgrorj|1 Vhfwlrq 9 frqfoxghv1
5 Jurzwk dqg Ghihqvh Vshqglqj
Vlqfh wkh vhplqdo frqwulexwlrq e| Ehqrlw +4<:6/ 4<:;,/ pdq| vwxglhv kdyh wulhg wr dvvhvv wkh
lpsdfw ri ghihqvh h{shqglwxuhv rq jurzwk/ |lhoglqj d zlgh duud| ri uhvxowv1 Prvw dqdo|vwv
dwwulexwh wklv glyhuvlw| wr wkh odfn ri frqvhqvxv dprqj dxwkruv dv wr wkh surshu wkhruhwl0
fdo dyhqxh ri krz ghihqvh h{shqglwxuhv lq xhqfhv jurzwk +vhh/ h1j1/ Ghjhu dqg Vhq/ 4<<8,1
Wkhruhwlfdoo|/ d qxpehu ri fkdqqhov e| zklfk plolwdu| vshqglqj fdq lq xhqfh wkh hfrqrp|
6kdyh ehhq lghqwlhg lq wkh olwhudwxuh zlwk erwk srvlwlyh dqg qhjdwlyh hhfwv rq jurzwk1 Wkh
ghihqvh vhfwru fdq wdnh vnloohg oderu dzd| iurp flyloldq surgxfwlrq/ exw lw fdq dovr wudlq
zrunhuv/ sduwlfxoduo| lq ghyhorslqj hfrqrplhv1 Lw frxog furzg rxw uhvrxufhv iru frqvxps0
wlrq dqg lqyhvwphqw +ghpdqg0vlgh dujxphqw,/ exw dovr surylgh srvlwlyh h{whuqdolwlhv iru wkh
flyloldq vhfwru/ vxfk dv lqiudvwuxfwxuh ghyhorsphqw ru whfkqrorj| vslooryhu +vxsso|0vlgh du0
jxphqw,1 Lw fdq ohdg wr ghvwuxfwlyh zduv dqg vwlsxodwh flylo vwulih/ exw pd| dovr pdlqwdlq
shdfh dqg surylgh d vhfxuh lqyhvwphqw folpdwh1
Fohduo|/ wkh gluhfwlrq ri wkh ryhudoo hhfw lv dq hpslulfdo txhvwlrq dqg fdq glhu wr d
uhdvrqdeoh h{whqw1 Ghjhu dqg Vhq +4<<8,/ Udp +4<<8, dqg Gxqqh +4<<9, surylgh h{whq0
vlyh uhylhzv ri wkh olwhudwxuh zkhuh wkh glyhuvlw| ri uhvxowv lv looxvwudwhg1 Hpslulfdo hylghqfh
xvxdoo| whqgv wr ydu| dfurvv frxqwulhv dqg ryhu wlph dqg lv vhqvlwlyh wr wkh wkhruhwlfdo iudph0
zrun1 Dw uvw vljkw/ wkh uhvxowv whqg wr vkrz qr srvlwlyh lpsdfw ri plolwdu| vshqglqj rq
hfrqrplf jurzwk/ hyhq li d vxsso|0vlgh iudphzrun lv xvhg/ zkhuh wkh srvlwlyh h{whuqdolw|
hhfwv ri ghihqvh vkrxog eh pruh reylrxv1 Dv Udp +4<<8, qrwhv/ lw lv qhyhuwkhohvv dovr kdug
wr fodlp wkdw wkh hylghqfh vxssruwv wkh ylhz wkdw ghihqvh rxwod|v kdyh dq ryhudoo qhjdwlyh
hhfw rq jurzwk= Wkrvh ghpdqg0vlgh vwxglhv wkdw lqglfdwh dq dgyhuvh hhfw ri ghihqvh rq
lqyhvwphqw ru vdylqjv glvsod| rqo| d sduwldo ylhz/ dv srwhqwldo +srvlwlyh, h{whuqdolw| hhfwv
ri wkh plolwdu| duh qrw h{solflwo| prghoohg1
Rxu dlp lv wr frqwulexwh wr wkh h{lvwlqj vwxglhv e| dgguhvvlqj vrph ri wkh fulwlfdo lvvxhv
phqwlrqhg lq wkh olwhudwxuh/ vxfk dv dyrlglqj dg0krf vshflfdwlrqv ru furvv0vhfwlrqdo sdqhov
dqg wdnlqj dffrxqw ri srwhqwldo qrqolqhdulwlhv/ qrwdeo| lq wkh frqwh{w ri wkh Ihghu0Udp
prgho/ zklfk lv dssolhg lq wklv vwxg|1
￿ Zh wu| wr dffrxqw iru wkhvh frqfhuqv e| xvlqj
d frqvlvwhqw wkhruhwlfdo iudphzrun wr dvvhvv wkh ghihqvh0jurzwk qh{xv1 Lq dgglwlrq/ zh
hvwlpdwh wkh prgho iru d vlqjoh frxqwu| zlwk frpsdudwlyho| orqj wlph0vhulhv dqg h{solflwo|








































































































































































































































































































































































































7hvwdeolvk d fhuwdlq wkuhvkrog ohyho zklfk frxog eh d xvhixo txdqwlwdwlyh lqvwuxphqw wr vhw xs
srolwlfdo wdujhwv iru ghihqvh vshqglqj lq d srvw0frq lfw hqylurqphqw1
6 Hfrqrplf Jurzwk/ wkh Flylo Z du/ dqg Ghihqvh Vshqg0
lqj lq Jxdwhpdod
Klvwrulfdoo|/ Jxdwhpdod*v prghvw jurzwk shuirupdqfh zdv dffrpsdqlhg e| d gxdolvwlf hfr0
qrplf vwuxfwxuh/ vrfldo h{foxvlrq dqg frq lfw1 Sdudgr{lfdo/ wkh frxqwu| kdv h{shulhqfhg
uhodwlyh pdfur0hfrqrplf vwdelolw| gxulqj wkh sdvw ghfdghv1 Jxdwhpdod kdv d udwkhu orz ohyho
ri h{whuqdo lqghewhgqhvv/ lq dwlrq kdv ehhq khog edfn/ dqg wkh hfrqrp| lv idluo| rshq dqg
zlwk orz ohyhov ri surwhfwlrq1 Dyhudjh dqqxdo jurzwk udwhv zhuh derxw 61< shufhqw ehwzhhq
4<83 dqg 53341 Gxh wr udslg srsxodwlrq jurzwk/ krzhyhu/ shu fdslwd jurzwk kdv dyhudjhg
rqo| derxw 415 shufhqw shu |hdu dqg kdg d orz lpsdfw rq sryhuw| 1 Dffruglqj wr wkh Zruog
Edqn +5336,/ sryhuw| udwhv dqg lqhtxdolw| duh dprqj wkh kljkhvw lq wkh Odwlq Dphulfdq uh0
jlrq1 Jxdwhpdod shuirupv srruo| iru lqglfdwruv ri hgxfdwlrq dqg khdowk/ dqg udqnv kljkhvw
dprqj vwdwhv iru fklog pdoqxwulwlrq1
Hyhu vlqfh/ wkh plolwdu| zdv uhshdwhgo| lq srzhu/ vrphwlphv wkurxjk iudxgxohqw hohfwlrqv/
vrphwlphv e| frxs g*ìwdwv1 Lq 4<77/ wkh uljkw0zlqj glfwdwru wkhq lq srzhu zdv ryhuwkurzq/
Jxdwhpdod khog lwv uvw wuxh hohfwlrqv lq klvwru| dqg d qhz frqvwlwxwlrq zdv gudzq xs1
Krzhyhu/ zlwk dq X1V1 Fhqwudo Lqwhooljhqfh Djhqf|0edfnhg frxs/ wkh iuhho| hohfwhg jryhuq0
phqw ri Jxdwhpdod zdv uhsodfhg zlwk dqrwkhu uljkw0zlqj glfwdwruvkls1 Ehjlqqlqj lq 4<;9/
ghprfudf| zdv uhvwruhg/ doehlw zlwk flyloldq jryhuqphqwv sdwurql}hg e| wkh jhqhudov1 Wkh
vljqlqj ri wkh Djuhhphqw ri d Ilup dqg Odvwlqj Shdfh lq 4<<9 eurxjkw d irupdo hqg wr
rqh ri wkh orqjhvw dqg eorrglhvw flylo zduv lq Odwlq Dphulfd1 Dffruglqj wr wkh qdo uhsruw
ri wkh Frpplvvlrq iru Klvwrulfdo Fodulfdwlrq +4<<<,/ wkh lqwhuqdo frq lfw ohiw dq hvwlpdwhg
5331333 flyloldqv ghdg dqg dqrwkhu ploolrq zhuh glvsodfhg/ iru d wrwdo srsxodwlrq ri 43 ploolrq1
Lq dgglwlrq wr kxpdq vruurz/ wkhvh hyhqwv fdxvhg wkh orvv ri kxpdq fdslwdo dqg lpsrvhg
vljqlfdqw frvwv iru vkruw dqg orqj0uxq ghyhorsphqw1 Ghvslwh wkh flylo vwulih vwduwlqj durxqg
84<93/ Jxdwhpdod pdqdjhg wr pdlqwdlq uhdvrqdeoh jurzwk udwhv xqwlo wkh 4<:3v1 Jurzwk
ghfolqhg gudpdwlfdoo| lq wkh 4<;3v/ zkhq whqvlrqv h{sorghg lqwr d ixoo0vfdoh flylo zdu1 Diwhu
wudqvlwlrq wr ghprfudwlf uxoh lq 4<;9/ jurzwk kdv uhfryhuhg exw vhhpv wr iroorz d pruh ru
ohvv vwdjqdqw sdwwhuq1 Lq d jurzwk0dffrxqwlqj h{huflvh/ Orhqlqj +5335, uhyhdov wkdw wrwdo
idfwru surgxfwlylw| lv orz1 Dprqj rwkhuv/ surplqhqw uhdvrqv ehklqg wklv shuirupdqfh duh
orz kxpdq fdslwdo hqgrzphqw/ lqvwlwxwlrqdo zhdnqhvv/ dqg xqghuo|lqj vrfldo frq lfw1 Vlqfh
wkh vljqlqj ri wkh Shdfh Dffrugv/ Jxdwhpdod kdv pdgh surjuhvv e| lqfuhdvlqj lqyhvwphqwv
lq lqiudvwuxfwxuh dqg kxpdq fdslwdo1 Dgglwlrqdoo|/ lw kdv pdgh hruwv lq lpsurylqj sxeolf
qdqfldo pdqdjhphqw dqg lq wkh duhd ri wd{ uhyhqxhv1 Krzhyhu/ wkh lpsohphqwdwlrq ri wkh
Shdfh Dffrugv/ zklfk uhsuhvhqwv d fruqhuvwrqh iru hfrqrplf dqg vrfldo ghyhorsphqw/ kdv
ehhq xqhyhq1
Zkloh wkh udwlr ri plolwdu| h{shqglwxuh wr JGS vd|v olwwoh derxw wkh uhdo vl}h ri plo0
lwdu| h{shqglwxuh/ lw lv d urxjk lqglfdwru ri wkh plolwdu|*v srolwlfdo srzhu dv d oree| dqg
wkh sulrulw| jlyhq wr rwkhu vfdo ixqfwlrqv e| wkh jryhuqphqw1 Ghihqvh vshqglqj uhdfkhg
lwv khljkw gxulqj wkh shdn ri wkh flylo zdu dqg ghfolqhg lq wkh dgyhqw ri wkh shdfh surfhvv1
Dw uvw vljkw/ lw zrxog dsshdu wkdw ghihqvh h{shqglwxuh dv d vkduh ri JGS lv qrw h{fhv0
vlyho| kljk/ udqjlqj iurp 31: xs wr 5( lq JGS1 Lq wkh oljkw ri Jxdwhpdod*v orz wd{ exughq
dqg vpdoo sxeolf vhfwru/ krzhyhu/ ghihqvh vshqglqj ehfrphv txlwh vljqlfdqw1 Dffruglqj wr
Vfkhhw} +5333,/ lw ydulhv iurp dssur{lpdwho| 47( xs wr d kljk ri 64( lq 4<;7 lq whupv ri
wrwdo Wuhdvxu|0frqwuroohg uhvrxufhv1 Wkxv/ zkloh ghihqvh vshqglqj dv d shufhqwdjh ri JGS
lq Jxdwhpdod lv uhodwlyho| orz/ lwv vkduh ri fxuuhqw jryhuqphqw h{shqglwxuhv lv txlwh kljk1
Wkh iroorzlqj vhfwlrq surylghv wkh ghwdlov iru wkh frqvwuxfwlrq ri rxu gdwd vhw1
7 Gdwd Uhfrpslodwlrq lq d Srvw0Frq lfw Frxqwu|
Vlqfh Jxdwhpdod lv ghflhqw lq gdwd/ wkh lghqwlfdwlrq ri wkh pdfurhfrqrplf lpsdfw ri
ghihqvh h{shqglwxuhv rq hfrqrplf jurzwk lqglfdwhv wkh qhhg wr ryhufrph vrph gdwd frq0
vwudlqwv1 Krzhyhu/ frkhuhqw uhvxowv fdq vwloo eh rewdlqhg1 Lw lv lpsruwdqw wr qrwh wkdw d
9vljqlfdqw iudfwlrq ri hfrqrplf dfwlylw| lq Jxdwhpdod fdq eh irxqg lq wkh lqirupdo vhfwruv/
zklfk lv qrw dffrxqwhg iru lq wkh vxevhtxhqw uhjuhvvlrqv1
Lqirupdwlrq derxw jurvv {hg fdslwdo irupdwlrq dqg JGS kdv ehhq rewdlqhg iurp wkh
Hfrqrplf Uhvhdufk Ghsduwphqw ri wkh Fhqwudo Edqn ri Jxdwhpdod1 Xvlqj 4<8; dv wkh edvh
|hdu/ wkh gdwd duh frpslohg xvlqj wkh rxwgdwhg 4<86 Xqlwhg Qdwlrqv V|vwhp ri Qdwlrqdo
Dffrxqwv/ zklfk lv fxuuhqwo| xqghu uhylvlrq zlwklq wkh Fhqwudo Edqn1 Lq devhqfh ri uhol0
deoh orqj0whup lqirupdwlrq derxw wkh hfrqrplfdoo| dfwlyh srsxodwlrq/ oderu lv sur{lhg e|
wkh qxpehu ri sulydwh frqwulexwruv wr wkh Jxdwhpdodq vrfldo vhfxulw| v|vwhp1 Wklv lv grqh
e| dvvxplqj d frqvwdqw vkduh ri 58( lq wkh wrwdo oderu irufh iru wkh wlph shulrg xqghu
frqvlghudwlrq1 Reylrxvo|/ wklv dssurdfk lv idluo| fuxgh dqg pd| olplw wkh suhflvlrq ri wkh
hfrqrphwulf hvwlpdwhv1 Krzhyhu/ Orhqlqj +5335, irxqg wkdw wkh hvwlpdwhg ydoxhv vhhphg wr
jlyh d pruh uhdvrqdeoh slfwxuh wkdq wkdw ri wkh gdwd iurp r!fldo vrxufhv/ zklfk frpsohwho|
ljqruh pljudwlrq dqg duh uhpdundeo| iuhh ri  xfwxdwlrqv1 Wkh fdofxodwlrq iru wkh hfrqrp0
lfdoo| dfwlyh srsxodwlrq ghulyhg iurp wkh vrfldo vhfxulw| vwdwlvwlfv frphv forvh wr hvwlpdwhv
surylghg e| wkh Xqlwhg Qdwlrqv Ghyhorsphqw Surjudp +XQGS, iru uhfhqw |hduv1
Wkh gdwd xvhg rq plolwdu| vshqglqj frph iurp wzr glhuhqw vrxufhv= Iluvw/ iru wkh shulrg
4<9;04<<</ wkh| zhuh rewdlqhg iurp wkh Vwrfnkrop Lqwhuqdwlrqdo Shdfh Uhvhdufk Lqvwlwxwh
+VLSUL,1
¢ Wkh VLSUL ghqlwlrq ri plolwdu| vshqglqj lqfoxghv plolwdu| shqvlrqv/ plolwdu|
lqwhuhvw sd|phqwv/ dqg sdudplolwdu| h{shqglwxuhv/ exw h{foxghv srolf| h{shqglwxuhv1 Zh
irxqg wkdw wkh gdwd surylghg e| VLSUL duh urxjko| frqvlvwhqw zlwk wkh ghihqvh plqlvwu|
h{shqglwxuhv1 Frqvlghulqj wkh h{wudruglqdu| exgjhw wudqvihuv wr wkh ghihqvh plqlvwu| lq



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































:wkdq rq wkh VLSUL gdwd iru wkhvh |hduv1 Vhfrqg/ iru wkh shulrg 4<8304<9:/ zh uhfrpslohg d
wlph vhulhv ri ghihqvh h{shqglwxuh zlwk r!fldo gdwd iurp wkh plqlvwu| ri qdqfh/ dv uhsruwhg
lq wkh Phpruldv gh Oderuhv gho Edqfr Fhqwudo wrjhwkhu zlwk dq dqrq|prxv vshfldolvw iurp
wkh Fhqwudo Edqn ri Jxdwhpdod1
D srwhqwldo wklug vrxufh rq plolwdu| vshqglqj frphv iurp Vfkhhw} +5333,1 Wrjhwkhu zlwk
d Jxdwhpdodq whdp/ kh jdwkhuhg gdwd rq plolwdu| vshqglqj iurp ydulrxv orfdo vrxufhv iru
4<9;04<<7/ fodlplqj wkdw lqwhuqdwlrqdo gdwd zrxog qrw uhyhdo dghtxdwho| wkh wuxh vshqglqj ri
wkh ghihqvh vhfwru1 Frpsduhg wr wkh lqirupdwlrq surylghg e| VLSUL/ klv gdwd duh vrphzkdw
kljkhu lq ohyhov1 Diwhu dgmxvwlqj iru sulfhv/ krzhyhu/ rxu qglqjv vxjjhvw wkdw wkh wlph0vhulhv
surshuwlhv ri wkhvh wzr vrxufhv duh doprvw lghqwlfdo1 Frqvhtxhqwo|/ hpsor|lqj wkh gdwd vhw
iurp Vfkhhw} grhv qrw fkdqjh pxfk wkh odwwhu hpslulfdo uhvxowv1
«
Lq zkdw iroorzv/ lw vkrxog eh nhsw lq plqg wkdw dq| phdvxuhphqw ri plolwdu| h{shqgl0
wxuhv vxhuv iurp vkruwfrplqjv/ vxfk dv wkh odfn ri d eurdgo| dffhswhg ghqlwlrq ri plolwdu|
h{shqglwxuh/ wkh frqghqwldo qdwxuh ri plolwdu| dfwlylwlhv dqg wkh vwurqj srolwlfdo lq xhqfh
ri plolwdu| r!fhuv lq Jxdwhpdod*v sdvw dqg suhvhqw klvwru|1 Hyhq wkrxjk wkh vxevhtxhqw
prgho pd| vhhp pdwkhpdwlfdoo| suhflvh/ wkh hpslulfdo uhvxowv vkrxog eh lqwhusuhwhg dv wuhqg
lqglfdwruv iru d uhodwlyho| vkruw wlph shulrg1
8 D Surgxfwlrq0I xqfwlrq Edvhg Prgho
Wklv vhfwlrq wulhv wr hpslulfdoo| hvwdeolvk wkh uhodwlrqvkls ehwzhhq ghihqvh h{shqglwxuhv dqg
jurzwk edvhg rq wkh zlgho| xvhg Ihghu0Udp prgho +Ihghu/ 4<;5> Elvzdv dqg Udp/ 4<;9,1














































































































































































































































































































































































































































































































;h{whuqdolw| hhfwv ri wkh ghihqvh rq wkh flylo vhfwru1
– Wkh prgho lv d wzr0vhfwru qhrfodvvlfdo
jurzwk prgho zlwk dq hfrqrp| frpsrvhg ri d flyloldq dqg d ghihqvh vhfwru/ dqg lw doorzv
wkh ghihqvh vhfwru wr eh wuhdwhg dv rqh vhfwru lq wkh hfrqrp| dqg wkh vl}h hhfw ri wkh vhfwru
dqg lwv glhuhqwldo surgxfwlylw| hhfw wr eh glvwlqjxlvkhg1 Diwhu suhvhqwlqj wkh wkhruhwlfdo
prgho/ wkh uhodwlrqvkls ehwzhhq JGS jurzwk dqg ghihqvh vshqglqj zloo wkhq eh hvwlpdwhg/
doorzlqj iru ohyho ghshqghqfh lq wkh hhfwv ri plolwdu| vshqglqj rq jurzwk1
814 Jurzwk dqg Ghihqvh Vshqglqj= D I dfwru Surgxfwlylw| Ds0
surdfk
Dvvxph wkdw wkh hfrqrp| lv frpsrvhg ri wzr vhfwruv/ wkh ghihqvh dqg wkh flyloldq vhfwru1
Ohw uhdo rxwsxw lq wkh ghihqvh vhfwru dw wlph w eh G+w,/ dqg wkdw lq wkh flyloldq vhfwru eh
F+w,1 Ixuwkhupruh/ ohw xv dvvxph wkdw oderu +O+w,, dqg fdslwdo +N+w,, duh wkh rqo| lqsxwv
lq hdfk vhfwru/ wkdw wkh uhodwlyh pdujlqdo surgxfwv ri oderu dqg fdslwdo pd| glhu dfurvv wkh
wzr vhfwruv dqg wkdw wkh vl}h ri wkh ghihqvh vhfwru rxwsxw +G+w,, pd| dfw dv dq h{whuqdolw|
idfwru iru wkh flyloldq vhfwru1








zkhuh wkh orzhu fdvh vxevfulswv f dqg g ghqrwh vhfwrudo lqsxwv +O+w, @ O
† +w, . O
‡ +w, dqg
N+w, @ N
† +w, . N
‡ +w,,/ dqg wrwdo rxwsxw lq wkh hfrqrp| +\ +w,, lv wkh vxp ri rxwsxw lq erwk
vhfwruv1 Wkh pdujlqdo surgxfwlylwlhv ri wkh idfwruv ri surgxfwlrq  oderu dqg fdslwdo  lq
wkh ghihqvh vhfwru pd| qrw eh wkh vdph dv lq wkh flyloldq vhfwru1 Doorzdqfh lv pdgh iru wklv














































































































































@ +4 . ,
zkhuh wkh vxevfulswhg ohwwhuv uhihu wr pdujlqdo surgxfwv +dvvxphg frqvwdqw,1 Li  lv
srvlwlyh/ idfwruv ri surgxfwlrq kdyh d odujhu pdujlqdo surgxfwlylw| lq wkh ghihqvh vhfwru dqg
ylfh yhuvd li  lv qhjdwlyh1 Li  lv }hur/ pdujlqdo surgxfwlylwlhv duh htxdo dfurvv wkh wzr vhfwruv1
















zkhuh  @ F
‚ >  @ F
„ dqg * @ +@ +4 . , . F
‡ ,1 Krzhyhu/ wklv vshflfdwlrq rqo|
doorzv wr whvw hpslulfdoo| zkhwkhu erwk F
‡ dqg  duh }hur dw wkh vdph wlph1 Lq rughu wr eh
deoh wr whvw lqghshqghqwo| wkh vljqlfdqfh ri hdfk sdudphwhu/ lw pxvw dovr eh dvvxphg wkdw
wkh hhfw ri ghihqvh h{shqglwxuh rq wkh flylo vhfwru kdv frqvwdqw hodvwlflw|1 Wklv lpsolhv d























43zkhuh ! @ @ +4 . ,  / wkdw lv wkh surgxfwlylw| glhuhqwldo dfurvv vhfwruv +dovr uhihuuhg
wr dv wkh vl}h hhfw ri plolwdu| vshqglqj, dqg  lv wkh lqwhuvhfwrudo h{whuqdolw| sdudphwhu1
Vshflfdwlrq +5, doorzv wkh lghqwlfdwlrq ri wkh sxuho| h{whuqdolw|0gulyhq hhfw ri ghihqvh
vshqglqj1 Wdeoh 4 suhvhqwv wkh hvwlpdwlrq ri wkh sdudphwhuv ri +5,1
Lqvhuw Wdeoh 4 durxqg khuh
Htxdwlrq +5, lv hvwlpdwhg xvlqj dqqxdo gdwd lq frqvwdqw 4<8; Jxdwhpdodq Txhw}dov udqj0
lqj iurp 4<83 wr 53341 Wkh uvw froxpq lq wdeoh 4 suhvhqwv wkh hvwlpdwhg sdudphwhuv lq
+5, xvlqj ROV1 Wkh lqyhvwphqw dqg wkh oderu yduldeoh hqwhu zlwk wkh h{shfwhg +vljqlfdqw,
srvlwlyh vljq1 Erwk wkh vl}h dv zhoo wkh h{whuqdolw| hhfw duh lqglhuhqw iurp }hur/ lqglfdwlqj
wkdw wkhuh lv qr vljqlfdqw hhfw ri ghihqvh rq jurzwk1 Dowkrxjk wklv uhvxow pd| jlyh d
uvw lqglfdwlrq ri wkh gluhfwlrq ri qh{xv ehwzhhq hfrqrplf jurzwk dqg ghihqvh vshqglqj lq
Jxdwhpdod/ wkh srwhqwldo hqgrjhqhlw| ri wkh h{sodqdwru| yduldeohv lq +5, zrxog uhqghu wkh
ROV hvwlpdwhv lqfrqvlvwhqw1 Wkh vhfrqg froxpq lq wdeoh 4 vkrzv wkh hvwlpdwhg sdudphwhuv
li lqvwuxphqwdo yduldeoh hvwlpdwlrq lv dssolhg1 Odjv ri wkh h{sodqdwru| yduldeohv dqg JGS
jurzwk duh xvhg dv lqvwuxphqwv1 Wkh txdolw| ri wkh uhvxowv grhv qrw ydu| zlwk wkh lqvwux0
phqwdo yduldeohv hvwlpdwlrq dqg wkh hvwlpdwhg sdudphwhuv fruuhvsrqglqj wr erwk ghihqvh
yduldeohv lq +5, duh lq erwk fdvhv lqvljqlfdqwo| glhuhqw iurp }hur1 Wkh hqgrjhqhlw| sure0
ohp/ wkxv/ grhv qrw vhhp wr glvwruw wkh hvwlpdwh1 Krzhyhu/ wkh qrqvljqlfdqw uhvxowv frxog
dovr eh wkh uhvxow ri rplwwhg qrqolqhdulwlhv/ zklfk zh duh jrlqj wr prgho h{solflwo| lq wkh
qh{w vhfwlrq1
815 Wkh Qrqolqhdu Jhqhudol}dwlrq
Wkh qrwlrq wkdw jryhuqphqw h{shqglwxuhv lq jhqhudo frxog dhfw jurzwk lq d qrqolqhdu zd|
kdv douhdg| ehhq irupdol}hg lq sdshuv e|/ h1j1 Eduur +4<<3, ru Nruphqgl +4<;6,1 Khuh wkh0
ruhwlfdo uhvxowv suhglfw d qhjdwlyh jurzwk hhfw lq frxqwulhv zkhuh jryhuqphqw h{shqglwxuhv
+dqg wkhuhe| dovr ghihqvh h{shqglwxuh dv d fuxfldo frpsrqhqw ri jryhuqphqw h{shqglwxuh,
h{fhhg d fhuwdlq wkuhvkrog/ uhvxowlqj lq dq lqyhuvh X0vkdshg uhodwlrqvkls ehwzhhq wkhvh wzr
yduldeohv1 Lq ghihqvh hfrqrplfv/ wkh ghihqvh0jurzwk qh{xv zdv dvvxphg wr eh olqhdu iru
44d yhu| orqj wlph xqwlo uhfhqwo| wkh qrwlrq wkdw ghihqvh h{shqglwxuhv +dv d irup ri sxeolf
h{shqglwxuhv, frxog kdyh d qrqolqhdu jurzwk hhfw kdv ehfrph pruh srsxodu1 Wklv qrq0
olqhdulw| lvvxh zdv uvw phqwlrqhg lq sdshuv e| Nlqvhood +4<<3, dqg Krrnhu dqg Nqhwwhu
+4<<:,/ hpslulfdo dssolfdwlrqv duh sdshuv e| Khr +4<<;, dqg Vwurxs dqg Khfnhopdq +5334,1
D edvlf looxvwudwlrq ri krz ghihqvh frxog lq xhqfh jurzwk qrqolqhdulo| +xqghu wkh dv0
vxpswlrq ri glplqlvklqj uhwxuqv wr doo vhfwruv ri wkh hfrqrp|, lv jlyhq e| Vwurxs dqg
Khfnhopdq +5334,1 Wkhlu olqh ri uhdvrqlqj lv dv iroorzv= Dv wkh sursruwlrq ri d frxqwu|*v
surgxfwlyh uhvrxufhv glyhuwhg wr wkh plolwdu| vhfwru lqfuhdvhv/ wkh wrwdo gluhfw dqg lqgluhfw
rssruwxqlw| frvwv +orvw hfrqrplf jurzwk, lq wkh flyloldq vhfwru zloo lqfuhdvh dw dq lqfuhdvlqj
udwh1 Krzhyhu/ wkh wrwdo lqgluhfw ehqhwv +dgglwlrqdo hfrqrplf jurzwk, dulvlqj iurp plolwdu|
xvh ri wkrvh uhvrxufhv zloo vlpxowdqhrxvo| lqfuhdvh dw d ghfuhdvlqj udwh1 Vxpplqj wkhvh wzr
ixqfwlrqv wr qg wkh qhw lq xhqfh ri plolwdu| uhvrxufh xvh rq hfrqrplf jurzwk uhyhdov d
qrq0olqhdu/ frqfdyh ghihqvh exughq ixqfwlrq ghvfulelqj wkh uhodwlrqvkls ehwzhhq wkh vl}h ri
wkh plolwdu| vhfwru dqg hfrqrplf jurzwk lq wkh qdwlrqdo hfrqrp|1
Lqvhuw Iljxuh 4 durxqg khuh
Dq lqlwldo lqglfdwlrq ri wkh suhvhqfh ri qrqolqhdulwlhv fdq eh ghprqvwudwhg e| orrnlqj dw
wkh vfdwwhusorw ri wkh uhvlgxdov ri htxdwlrq +5, djdlqvw wkh wwhg ydoxhv ri ghihqvh h{shqgl0
wxuhv dqg dsso|lqj wkh Qhduhvw Qhljkeru Ilw phwkrg wr wkhvh wzr vhulhv +vhh/ h1j1/ Fohyhodqg/
4<<6 dqg 4<<7,1 Wklv qrq0sdudphwulf dssurdfk wv iru hdfk gdwd srlqw lq wkh vdpsoh d orfdo
olqhdu uhjuhvvlrq olqh/ zhljkwlqj wkh rwkhu revhuydwlrqv= Gdwd srlqwv wkdw duh uhodwlyho| idu
iurp wkh srlqw ehlqj hydoxdwhg jhw vpdoo zhljkwv lq wkh vxp ri vtxduhg uhvlgxdov/ zkloh
forvhu gdwd srlqwv jhw kljkhu zhljkwv1 Wkh uhvxowlqj qrqolqhdu fxuyh lv suhvhqwhg lq Iljxuh 41
Wkh lqyhuvh X0vkdshg fxuyh vxjjhvwv d ohyholqj rxw ri wkh jurzwk0lqgxflqj hhfw ri ghihqvh
h{shqglwxuhv zlwk wkh srvvlelolw| ri d uhyhuvhg hhfw eh|rqg d fhuwdlq wkuhvkrog vxfk dv
vxjjhvwhg e| Vwurxs dqg Khfnhopdq +5334,1
Dv phqwlrqhg ehiruh/ wkh uhodwlrqvkls ghqhg e| +5, grhv qrw doorz iru d qrqolqhdu hhfw
ri ghihqvh vshqglqj rq jurzwk udwh lq wkh irup ri/ iru lqvwdqfh/ d ohyho0ghshqghqw sdudphwhu
45iru wkh ghihqvh h{shqglwxuh yduldeoh1 Wkxv/ wkh uhvxowv frxog qrw glvsod| wkh wuxh uhodwlrq0
vkls ehwzhhq ghihqvh dqg jurzwk vxfk dv/ iru h{dpsoh d qrqolqhdu jhqhudol}dwlrq ri htxdwlrq
+5,1 D vwudljkwiruzdug jhqhudol}dwlrq wkdw hdvlo| doorzv iru d qrqolqhdu jurzwk0ghihqvh h{0































Wkh vshflfdwlrq lv/ wkxv/ slhfhzlvh0olqhdu/ dqg wkh ohyho ri wrwdo ghihqvh vshqglqj/ G
… / lv
wkh yduldeoh uhvsrqvleoh iru wkh uhjlph zklfk lv dfwlyh1 Wkh wkuhvkrog sdudphwhu/ / qhhgv




… > l @ 4> 5 zrxog eh
vwudljkwiruzdug= wkh vdpsoh lv glylghg lqwr wzr vxevdpsohv/ zklfk duh dvvljqhg odeho 3 dqg
4 dffruglqj wr +7,/ dqg wkh ! dqg 0sdudphwhuv duh hvwlpdwhg iru hdfk vxevdpsoh1
Krzhyhu/ lq rxu fdvh wkh hvwlpdwlrq ri  lv grqh dv iroorzv +vhh h1j1 Kdqvhq 5333,= d julg
vhdufk lv frqgxfwhg rq G
… / dqg +6, lv hvwlpdwhg iru hyhu| uhdol}hg ydoxh ri G
… diwhu wulpplqj
vrph shufhqwdjh rq wkh wdlov ri wkh glvwulexwlrq ri G
… iru reylrxv lghqwlfdwlrq uhdvrqv1
‰
Ilqglqj d ohdvw vtxduhv hvwlpdwru ri  lpsolhv wr hydoxdwh wkh vxp ri vtxduhg huuruv ri prgho
+6, iru doo srvvleoh ydoxhv ri  dqg fkrrvh wkh hvwlpdwru e  ixoooolqj














wkdw lv wkh ydoxh ri G





































































































































































































































































































































46Wkh wkuhvkrog prgho surylghv dq lqwxlwlyh dqg vlpsoh vhwwlqj iru whvwlqj iru olqhdulw|1 Lq







¸ 1 Krzhyhu/ wklv vlpsoh
whvwlqj sureohp suhvhqwv dq h{wud gl!fxow| jlyhq wkh idfw wkdw wkh wkuhvkrog sdudphwhu/ /
lv rqo| lghqwlhg xqghu wkh dowhuqdwlyh k|srwkhvlv ri qrqolqhdulw|/ vr fodvvlfdo whvwv vxfk dv
wkh I0whvw/ kdyh qrqvwdqgdug glvwulexwlrqv1 Lq wkh vslulw ri Dqguhzv dqg Sorehujhu +4<<7,/
Kdqvhq +4<<9/ 5333, ryhufrphv wkh sureohp e| d errwvwuds surfhgxuh zkhuh  xvlqj wkh
olqhdu uhodwlrqvkls  duwlfldo gdwd rq wkh ghshqghqw yduldeoh lv vlpxodwhg dqg erwk d olqhdu
dqg d slhfhzlvh olqhdu prgho zlwk wkh hvwlpdwhg wkuhvkrog duh fdofxodwhg uhvxowlqj lq dq


















uhvshfwlyho|/ dqg e 
￿ wkh uhvlgxdo yduldqfh xqghu K
˚ = Lq rwkhu zrugv/ V
¸ dqg V
˚ duh wkh uhvlgxdo
vxp ri vtxduhv iru htxdwlrq +6, zlwk dqg zlwkrxw wkuhvkrog hhfwv1 Wkh fruuhvsrqglqj whvw
vwdwlvwlf lv frpsxwhg dqg wkh surfhgxuh lv uhshdwhg d odujh qxpehu ri wlphv/ ohdglqj wr dq
dssur{lpdwh glvwulexwlrq ri wkh whvw vwdwlvwlf xqghu wkh qxoo ri olqhdulw| 1 Wkh shufhqwdjh ri
uhsolfdwhg whvw vwdwlvwlfv wkdw h{fhhg wkh ruljlqdo ydoxh ri wkh whvw vwdwlvwlf frpsxwhg zlwk
uhdo gdwd lv wkxv wkh s0ydoxh ri wkh olqhdulw| whvw1 Wkh dv|pswrwlf glvwulexwlrq ri OU
¸ lv
qrqvwdqgdug dqg vwulfwo| grplqdwhv wkh "
￿ glvwulexwlrq1
￿
Lqvhuw Wdeoh 5 durxqg khuh
Wdeoh 5 suhvhqwv wkh hvwlpdwhg sdudphwhuv iurp htxdwlrq +6,+7,/ wrjhwkhu zlwk wkh whvw




Zkloh edvhg rq wkh uhvxowv ri wkh hvwlpdwlrq ri wkh olqhdu prgho jlyhq e| +5, rqh frxog frq0
































































































































































































































































































































































































































































































































































47frqfoxvlrq fkdqjhv li zh doorz iru d qrqolqhdu/ ohyho0ghshqghqw hhfw ri ghihqvh vshqglqj rq
JGS jurzwk1 Wkh uhvxowv lqglfdwh hylghqfh ri qrqolqhdulw| dw wkh 3( vljqlfdqfh ohyho/ dqg
wkh hvwlpdwhg wkuhvkrog lv dw
￿
@ 4954;16 wkrxvdqg frqvwdqw 4<8; Jxdwhpdodq Txhw}dov1 Dv
d shufhqwdjh ri JGS iru wkh |hdu 5334/ wkdw zrxog dprxqw wr dv pxfk dv 31661 Wdnlqj wkh
dyhudjh JGS iurp 4<83 wr 5334 jlyhv d shufhqwdjh ri 3199= Lqwhuhvwlqjo|/ wklv lv htxlydohqw
wr wkh dprxqw vhw rxw lq wkh Shdfh Dffrug1 Wkh qrqvljqlfdqw sduwldo fruuhodwlrq irxqg
ehwzhhq JGS jurzwk dqg ghihqvh vshqglqj zkhq hvwlpdwlqj wkh olqhdu prgho dsshduv srv0
lwlyh dqg vljqlfdqw iru ohyhov ri ghihqvh h{shqglwxuh ehorz wkh hvwlpdwhg wkuhvkrog lq wkh
fdvh ri wkh qrqolqhdu vshflfdwlrq1 Iru ydoxhv ri ghihqvh vshqglqj deryh wkh wkuhvkrog/ wkh
uhodwlrqvkls dsshduv qhjdwlyh exw qrw vljqlfdqw1 Wkh vl}h hhfw lv qhjdwlyh dqg vljqlfdqw
lq wkh orz vshqglqj uhjlph exw qrw vljqlfdqw lq wkh kljk vshqglqj uhjlph1
Wkh uhvxowv vkrzlqj d qhjdwlyh vl}h hhfw ri ghihqvh vshqglqj rq JGS jurzwk lq wkh orzhu
uhjlph/ wrjhwkhu zlwk d srvlwlyh h{whuqdolw| hhfw fruuhvsrqg wr wkh qglqjv ri h1j1 Zdug
dqg Gdylv +4<<5,1 Qrwh dovr wkdw wkh wkuhvkrog lv dw frpsdudwlyho| orz ohyhov/ lqglfdwlqj
wkdw wkh srvlwlyh hhfw ri ghihqvh suhydlov rqo| iru yhu| prghvw ohyhov ri ghihqvh h{shqglwxuhv
dqg wkdw zkhq fdofxodwlqj > wkh idfwru surgxfwlylw| glhuhqwldo/ jlyhv d qhjdwlyh ydoxh iru
wkh orzhu uhjlph/ lqglfdwlqj wkdw idfwruv ri surgxfwlrq kdyh d odujhu pdujlqdo surgxfwlylw|




Krzhyhu/ dv zh hvwlpdwh htxdwlrq +6, zlwk |hduo| gdwd/ rqh frxog fulwlfl}h wkh uhvxowv
vlqfh vxfk gdwd frxog qrw fdswxuh d orqj0whup jurzwk hhfw1 Khuh/ wkh xvxdo hpslulfdo




￿ Wkh uhvxowv ri wkh hvwlpdwlrq duh glvsod|hg lq wdeoh 61 Ryhudoo/ wkh uhvxowv
vwd| urxjko| wkh vdph/ exw wzr glhuhqfhv pd| eh qrwhg= uvw wkh dgmxvwhg U
￿ ulvhv e| pruh
wkdq 85 shufhqwdjh srlqwv/ vhfrqg/ wkh wkuhvkrog lv hyhq orzhu dqg hvwlpdwhg dw 43343185




















































































































































































































































































































































































































































































































































































































































































48lq wkh vkruw dqg orqj whup1
Lqvhuw Wdeoh 6 durxqg khuh
Wkh txhvwlrq dulvhv zk| ghihqvh vshqglqj lv hpslulfdoo| irxqg wr kdyh d srvlwlyh jurzwk
hhfw ehorz d fhuwdlq wkuhvkrog dqg d qhjdwlyh +doehlw lqvljqlfdqw, lpsdfw deryh wkdw
wkuhvkrog +qrwzlwkvwdqglqj wkh qhjdwlyh dqg vljqlfdqw vl}h hhfw ri ghihqvh xqghu wkh
wkuhvkrog lq wkh vhfwrudo prgho,1 Rqh srvvleoh h{sodqdwlrq lv wkdw xs wr d fhuwdlq dprxqw
ri ghihqvh vshqglqj/ edvlf h{whuqdolwlhv vxfk dv lqiudvwuxfwxudo lqyhvwphqw/ qhz whfkqrorjlhv
ru kxpdq fdslwdo irupdwlrq ryhufrph wkh srwhqwldo furzglqj0rxw hhfw1 Zkhq wkhvh qhhgv
duh vdwlvhg/ wkh ghihqvh vhfwru pd| fduu| rxw lqyhvwphqw zklfk lv udwkhu xqsurgxfwlyh dqg
dw ehvw zloo kdyh qr hhfw rq wkh surgxfwlrq ri wkh flyloldq vhfwru1 Wklv pd| eh hvshfldoo|
wkh fdvh lq zdu shulrgv/ zkhuh ghihqvh h{shqglwxuhv kdugo| kdyh dq h{whuqdolw| hhfw1 Wkh
uhvxowv dovr vhhp wr frqup wkh wkhruhwlfdo dujxphqwv dv zhoo dv wkhlu hpslulfdo uhvxowv
eurxjkw iruzdug e| Pduzdk hw do1 +5335, dqg Vwurxs dqg Khfnhopdq +5334,1
9 Frqfoxvlrqv dqg Rxworrn
Xvlqj d idfwru surgxfwlylw| dssurdfk zlwklq d olqhdu dqg d qrqolqhdu phwkrgrorj|/ wklv sd0
shu kdv dlphg wr ryhufrph vrph ri wkh shufhlyhg ghflhqflhv ri suhylrxv zrun1 Zlwklq wklv
iudphzrun/ zh kdyh surylghg qhz hylghqfh rq wkh jurzwk0ghihqvh qh{xv iru d srvw0frq lfw
frxqwu|1 Iru wkh fdvh ri Jxdwhpdod/ zh qg wkdw ghihqvh vshqglqj grhv qrw jhqhudwh srvl0
wlyh h{whuqdolwlhv/ wkh ghihqvh vhfwru lv ohvv surgxfwlyh wkdq wkh flyloldq vhfwru dqg grhv qrw
dsshdu wr dhfw jurzwk srvlwlyho| diwhu lw kdv vxusdvvhg +d frpsdudwlyho| orz, wkuhvkrog1
Zkloh iru yhu| prghvw ohyhov wkhvh hhfwv duh srvlwlyh dqg vljqlfdqw/ wkh| ehfrph qhjdwlyh/
doehlw qrqvljqlfdqw/ iru uhodwlyho| kljkhu ohyhov1 Wkh ehqhw ri wkh dssolhg phwkrgrorj|
lv wkdw lw doorzv wr vhw xs dq h{solflw wkuhvkrog ohyho zklfk frxog eh xvhg dv d txdqwlwdwlyh
lqvwuxphqw wr hvwdeolvk d srolwlfdo wdujhw iru ghihqvh vshqglqj/ qrwdeo| lq d srvw0frq lfw
hqylurqphqw1 Rxu hvwlpdwhv lqglfdwh wkdw vrph vruw ri rswlpdo ghihqvh rxwod| wkdw frxog eh
frqgxflyh wr jurzwk vkrxog olh durxqg 3166( ri JGS 1
49Shulrgv ri flylo vwulih duh fohduo| lq wkh kljk0vshqglqj uhjlph lq zklfk ghihqvh kdv qr
srvlwlyh hhfw rq jurzwk1 Zkloh wklv qglqj vhhpv wr eh doprvw reylrxv/ lw vkrxog eh nhsw
lq plqg wkdw lqfuhdvhv lq wkh ohyho ri ghihqvh h{shqglwxuh lwvhoi fdq eh dq lpsruwdqw vrxufh
ri iulfwlrqv wkdw kdpshu jurzwk1 Jlyhq d olplwhg jryhuqphqw exgjhw/ lqfuhdvhv lq ghihqvh
vshqglqj zloo qhfhvvdulo| eh phw dw wkh h{shqvh ri rwkhu jryhuqphqw vhuylfhv1 Frqvlghu0
lqj wkh frqwh{w ri Jxdwhpdod*v orz wd{ exughq dqg vpdoo sxeolf vhfwru/ wkh shufhswlrq ri
lqdghtxdwh vrfldo vshqglqj fdq fuhdwh ihholqjv ri iuxvwudwlrq dqg pd| djjudydwh wkh plfur0
lqvhfxulw| vlwxdwlrq1 Wklv frxog ohdg wr ixuwkhu lqfuhdvhv lq vhfxulw| vshqglqj dqg wkxv
lqwhqvli| vrfldo frq lfw1 Lq wklv frqwh{w/ lw lv zruwk phqwlrqlqj wkdw ghihqvh vshqglqj kdv
folpehg vlqfh 5333 dqg lv idu deryh rxu hvwlpdwhg wkuhvkrog sdudphwhu1 Deryh wklv ohyho/
ghihqvh lv olnho| wr kdyh qr srvlwlyh lpsdfw rq jurzwk/ lpso|lqj wkdw/ dw ehvw/ lw zloo kdyh
qr vljqlfdqw hhfw rq wkh surgxfwlrq lq wkh flyloldq vhfwru1
Rqh h{sodqdwlrq ri wkh qrq0vljqlfdqw h{whuqdolw| hhfw rq jurzwk ryhu d fhuwdlq wkuhvk0
rog lv wkdw wkh plolwdu| vhfwru fdq eh wkrxjkw ri qrw kdylqj vshqw pxfk rq h{whuqdolwlhv/
vxfk dv whfkqrorj|/ htxlsphqw/ lqiudvwuxfwxuh ru kxpdq fdslwdo irupdwlrq1 Li lqvwhdg/ dv
vxjjhvwhg e| vrph revhuyhuv/ plolwdu| vshqglqj lv suhgrplqdwho| ghyrwhg wr vdodu| sd|0
phqwv dqg rwkhu prqhwdu| ehqhwv/ hvshfldoo| wr wkh plolwdu| klhudufk|/ wkh ghihqvh vhfwru lv
udwkhu xqsurgxfwlyh wr wkh hfrqrp|1 Zlwk lpsuryhphqwv lq vfdo wudqvsduhqf| dqg dffhvv
wr glvdjjuhjdwhg gdwd rq wkh qdo xvh ri ghihqvh h{shqglwxuh/ lw zloo eh xs wr ixwxuh vwxglhv
wr dqdo|}h wklv uhodwlrqvkls pruh forvho|1
4:Uhihuhqfhv
^4` Dqguhzv/ G1/ ) Sorehujhu/ Z1 +4<<7,1 Rswlpdo whvwv zkhq d qxlvdqfh sdudphwhu lv
suhvhqw rqo| xqghu wkh dowhuqdwlyh1 Hfrqrphwulfd/ 95/ 46;6047471
^5` Eduur/ U1 M1 +4<<3,1 Jryhuqphqw vshqglqj lq d vlpsoh prgho ri hqgrjhqrxv jurzwk1
Mrxuqdo ri Srolwlfdo Hfrqrp|/ <;/ V436V4581
^6` Ehqrlw/ H1 +4<:6,1 Ghihqvh dqg hfrqrplf jurzwk lq ghyhorslqj frxqwulhv1 Oh{lqjwrq/
PD/ Oh{lqjwrq Errnv1
^7` Ehqrlw/ H1 +4<:;,1 Jurzwk dqg ghihqvh lq ghyhorslqj frxqwulhv1 Hfrqrplf Ghyhorsphqw
dqg Fxowxudo Fkdqjh/ 59/ 5:405;31
^8` Elvzdv/ E1/ ) Udp/ U1 +4<;9,1 Plolwdu| h{shqglwxuhv dqg hfrqrplf jurzwk lq OGFv= Dq
dxjphqwhg prgho dqg ixuwkhu hylghqfh1 Hfrqrplf Ghyhorsphqw dqg Fxowxudo Fkdqjh/
67/ 6940:5
^9` Fohyhodqg/ Z1V1 +4<<6,1 Ylvxdol}lqj gdwd1 Vxpplw/ QM/ Kreduw Suhvv1
^:` Fohyhodqg/ Z1V1 +4<<7,1 Wkh hohphqwv ri judsklqj gdwd1 Vxpplw/ QM/ Kreduw Suhvv1
^;` Frplvlöq sdud ho Hvfoduhflplhqwr Klvwöulfr +4<<<,1 Jxdwhpdod= Phpruld gho Vlohqflr1
Jxdwhpdod= Xqlwhg Qdwlrqv R!fh iru Surmhfw Vhuylfhv1
^<` Ghjhu/ V1 ) Vhq/ V1 +4<<8,1 Plolwdu| h{shqglwxuhv dqg ghyhorslqj frxqwulhv1 Lq N1 Kduw0
oh| ) W1 Vdqgohu/ hgv1/ Kdqgerrn ri Ghihqvh Hfrqrplfv Yroxph 41 Dpvwhugdp/ R{irug/
Hovhylhu1
^43` Gxqqh/ M1S1 +4<<9,1 Hfrqrplf hhfwv ri plolwdu| h{shqglwxuh lq ghyhorslqj frxqwulhv=
D Vxuyh|1 Lq Johglwvfk Q1S1/ hg1/ Wkh shdfh glylghqg/ Dpvwhugdp/ Qruwk Kroodqg1
^44` Gxqqh/ S1 ) Qlnrodlgrx/ H1 +4<<<,1 Plolwdu| h{shqglwxuh dqg hfrqrplf jurzwk= D
ghpdqg dqg vxsso| prgho iru Juhhfh 4<930<91 Ghihqvh dqg Shdfh Hfrqrplfv/ 45/ 7:0
9:1
4;^45` Gxqqh/ S 1/ Vplwk/ U1 ) Zloohqerfnho/ G1 +5334,1 Wkhruhwlfdo dqg hfrqrphwulf lvvxhv lq
dqdo|}lqj wkh plolwdu| h{shqglwxuh0jurzwk qh{xv1 Plphr/ Xqlyhuvlw| ri Plggohvh{1
^46` Ihghu/ J1 +4<;5,1 Rq h{sruwv dqg hfrqrplf jurzwk1 Mrxuqdo ri Ghyhorsphqw Hfrqrplfv/
45/ 8<0:61
^47` Kdqvhq/ E1 +4<<9,1 Lqihuhqfh zkhq d qxlvdqfh sdudphwhu lv qrw lghqwlhg xqghu wkh qxoo
k|srwkhvlv1 Hfrqrphwulfd/ 97/ 7460631
^48` Kdqvhq/ E1 +5333,1 Vdpsoh vsolwwlqj dqg wkuhvkrog hvwlpdwlrq1 Hfrqrphwulfd/ 9;/ 8:80
9361
^49` Khr/ Xn +4<<;,1 Prgholqj wkh ghihqvh0jurzwk uhodwlrqvkls durxqg wkh joreh1 Mrxuqdo ri
Frq lfw Uhvroxwlrq/ 75/ 96:098:1
^4:` Krrnhu/ P1 D1/ ) Nqhwwhu/ P1 P1 +4<<:,1 Wkh hhfwv ri plolwdu| vshqglqj rq hfrqrplf
dfwlylw|= Hylghqfh iurp vwdwh surfxuhphqw vshqglqj1 Mrxuqdo ri Prqh|/ Fuhglw/ dqg
Edqnlqj/ 5</ 7330541
^4;` Kxdqj/ F1/ ) Plqw}/ D1 +4<<3,1 Ulgjh uhjuhvvlrq dqdo|vlv ri wkh ghihqfh0jurzwk wudghr
lq wkh Xqlwhg Vwdwhv1 Ghihqfh Hfrqrplfv/ 5/ 5<06:1
^4<` Nlqvhood/ G1 +4<<3,1 Ghihqvh vshqglqj dqg hfrqrplf shuirupdqfh lq wkh Xqlwhg Vwdwhv=
D fdxvdo dqdo|vlv1 Ghihqfh Hfrqrplfv/ 4/ 5<8063<1
^53` Nruphqgl/ U1 +4<;6,1 Jryhuqphqw ghew/ jryhuqphqw vshqglqj dqg sulydwh vhfru ehkdy0
lrxu1 Dphulfdq Hfrqrplf Uhylhz/ :6/ <<7043431
^54` Orhqlqj/ O1 +5335,1 Wkh lpsdfw ri hgxfdwlrq rq hfrqrplf jurzwk lq Jxdwhpdod= D wlph0
vhulhv uhjuhvvlrq dsso|lqj dq huuru0fruuhfwlrq phwkrgrorj|1 Lehur0Dphulfd Lqvwlwxwh iru
Hfrqrplf Uhvhdufk/ Glvfxvvlrq Sdshu ;:/ Xqlyhuvlw| ri Jrhwwlqjhq1
^55` Pduzdk/ N1/ Nohlq1 O1U1/ ) Vfkhhw}/ W1 +5335,1 Wkh plolwdu|0flyloldq wudghr lq
Jxdwhpdod= Dq Hfrqrphwulf Dqdo|vlv1 Lq Edxhu/ M1 ) Gxqqh/ M1S 1/ hgv/1 Duplqj wkh
vrxwk= Wkh hfrqrplfv ri plolwdu| h{shqglwxuhv/ dupv surgxfwlrqv dqg dupv wudgh lq
ghyhorslqj frxqwulhv/ Orqgrq/ Sdojudyh1
4<^56` Vfkhhw}/ W1 +5333,1 Plolwdu| h{shqglwxuhv dqg Jxdwhpdod*v shdfh surfhvv1 Lq Euùppho0
kùuvwhu/ M1/ hg1/ Ghp|vwli|lqj wkh shdfh glylghqg/ ELFF Glvdupdphqw dqg Frqyhuvlrq
Vwxglhv 41 Edghq0Edghq= Qrprv0Yhuodjvjhvhoovfkdiw1
^57` Udp/ U1 +4<<8,1 Ghihqvh h{shqglwxuh dqg hfrqrplf jurzwk1 Lq Kduwoh|/ N1 ) W1 Vdqgohu/
hgv1/ Kdqgerrn ri Ghihqvh Hfrqrplfv Yro1 4/ Dpvwhugdp dqg R{irug/ Hovhylhu1
^58` Vwurxs/ P1 G1/ ) Khfnhopdq/ M1 F1 +5334,1 Vl}h ri wkh plolwdu| vhfwru dqg hfrqrplf
jurzwk= D sdqho gdwd dqdo|vlv ri Diulfd dqg Odwlq Dphulfd1 Mrxuqdo ri Dssolhg Hfr0
qrplfv/ LY/ 65<06931
^59` Zdug/ P1 G1/ ) Gdylv/ G1 U1 +4<<5,1 Vl}lqj xs wkh shdfh glylghqg= Hfrqrplf jurzwk dqg
plolwdu| vshqglqj lq wkh Xqlwhg Vwdwhv 4<7;04<<91 Dphulfdq Srolwlfdo Vflhqfh Uhylhz/
;9/ :7;0881
^5:` Zruog Edqn +5336,1 Sryhuw| lq Jxdwhpdod/ Uhsruw Qr1 575540JX/ Zdvklqjwrq G1F1





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Iljxuh 4= Wkh Qhduhvw Qhljkeru Ilw
57